The COD removal effi ciency from an instant coffee processing wastewater using electrocoagulation was investigated. For this purpose, the response surface methodology was employed, using central composing design to optimize three of the most important operating variables, i.e., electrolysis time, current density and initial pH. The results based upon statistical analysis showed that the quadratic models for COD removal were signifi cant at very low probability value (<0.0001) and high coeffi cient of determination (R 2 = 0.9621) value. The statistical results also indicated that all the three variables and the interaction between initial pH and electrolysis time were signifi cant on COD abatement. The maximum predicted COD removal using the response function reached 93.3% with electrolysis time of 10 min, current density of 108.3 A/m 2 and initial pH of 7.0, respectively. The removal effi ciency value was agreed well with the experimental value of COD removal (90.4%) under the optimum conditions.
INTRODUCTION
Instant coffee processing wastewater contains large amounts of macromolecules such as tannins, lignins, or humic acid which causes water pollution. The untreated macromolecules contain the large amount of COD 1 that pollutes different type of water resources. Therefore, it is necessary to reduce the pollutant concentration in the wastewater before discharging it into the environment.
Previous studies proved that conventional wastewater treatment method such as coagulation and fl occulation could not effectively eliminate the pollutants in coffee processing wastewater 2 and sometimes the methods could release a huge volume of sludge containing excessive organic polymers which could harm to aquatic organisms 3 . Advanced oxidation processes such as ZnO/UV, H 2 O 2 /UV or O 3 /UV are also not completely effective to remove pollutants in the wastewater 2, 4 . Adsorption using activated carbon could adequately eliminate color and COD in the wastewater as the high surface area of activated carbon 5 . However, a complete removal of the organic pollutant in coffee process wastewater required large doses of adsorbent which increments the treating cost both in construction and running 6 . Biological process such as anaerobic digestion has also applied for removing this wastewater 7 . Nonetheless, the fi nding 7 also showed that the biodegradation process required both a long treatment time for acclimation and a huge space to set up a biological unit. The removal effi ciency also greatly depend on the types of organisms in the biological systems. Hence, those mentioned methods could not be employed to treat real instant coffee processing wastewater.
Recently, a number of investigations have reported that application of electrocoagulation (EC) -a kind of coagulation method-to wastewater treatment have many advantages such as low investment cost, low space requirement, absence or less of additional chemicals, less retention time, less sludge production, simple equipment and easy to operate 8- 10 . In this process, a direct electrical current is used to dissolve metal electrode (mostly iron and aluminum) forming a range of coagulant species and metal hydroxides, which precipitation and adsorption effi ciencies are greater than pre-precipitated hydroxides of conventional coagulant like coagulation process 11 . Some studies have successfully applied this technique for the treatment of difference kind of wastewaters including dairy 10 , textile
12, 13
, pesticide 9 , herbicide 8 , trace metal 14 , etc. However, research on instant coffee processing wastewater using this technique has not been explored.
Besides the choice of removal techniques, experimental design is also a critical task. Experimental design studies are generally divided into two types: (i) one-factor-at-a--time approach and (ii) multi-response approach. The fi rst was widely used because it is simple i.e. examination the infl uence of each factor individually on the response. Nonetheless, it has some disadvantages such as high consumption of sample, dissipation of experiment, and not showing interaction between variables
15
. To alleviate these problems, the later -multivariate approaches are widely used. One of the popular multivariate approaches is Response Surface Methodology (RSM) -a collection of statistical and mathematical techniques those are successful for developing, improving, and optimizing processes; interpreting the relationships between responses and factor effects in many treatment processes of wastewater such as textile
12, 16
, paint 17 , baker's yeast 18 , etc.
19
. However, the research literature on the application of RSM design for instant coffee production wastewater treatment by EC method is still very limited so far. The objective of this study is to investigate the COD removal of instant coffee wastewater by EC process using RSM. For this purpose, central composite design (CCD) was used with three variables, namely, current density, the electrolysis time and the initial pH.
MATERIAL AND METHODS

Instant coff ee processing wastewater
The wastewater samples used in this study were collected from an equalization tank of a local instant coffee factory (Vina coffee, Bien Hoa City, Vietnam).
All samples were stored manually in 20 L plastic containers, and then transferred, refrigerated, and analysed immediately in accordance with Standard Methods for the Examination of Water and Wastewater 20 . Table 1 Table 1 . Characterization of raw instant coffee processing wastewater Table 2 . Experimental range and levels of independent parameters
Electrocoagulation reactor
All experiments were carried out in a 4-L volume of sample, using a biopolar electrocoagulator ( Fig. 1 ) with four parallel iron plates (15 cm width ×14.6 cm height and 0.4 cm thickness) which were placed 1.5 cm apart from each other. The outer electrodes were connected to a digital DC power supply (220V and 30A) whose poles automatically switch every 30 seconds to minimize electrode encrustation. A valve was installed at the bottom of the reactor to withdraw the precipitated material through a sludge chamber. The detailed electrocoagulation reactor could be found in the previous study of Bui (2016) 13 .
Experimental procedure
In each run, the 4 liter wastewater containing 8 gram Na 2 SO 4 anhydrous (as supporting electrolyte) was placed into the electrocoagulator. The pH of samples was adjusted to the needed pH values (4-10) by NaOH or HCl (0.1 M) solutions. After that, the current density was adjusted to the desired value (43.4-130 A/m 2 ) at different electrolysis time (4-12 min). After 30 min settling at the end of each run, 50 mL of the treated samples were collected and determined Chemical oxygen demand (COD) value by Standard methods for the examination of water and wastewater 20 . Furthermore, to avoid electrode passivation, at the end of each run, the electrodes were washed thoroughly with water and dipped in 0.5 M HCl solution for at least 15 min to dissolve any oxide from the electrode surface.
Experimental design and analysis
The Minitab Software (version 16.2.0) was used to perform statistical design of the experiments and data analysis. The central composite design (CCD) and response surface methodology (RSM) were applied to optimize and assess the relationship among three signifi cant independent variables: (i) Electrolysis time, (ii) Current density, and (iii) initial pH while COD removal effi ciency was considered as the response (dependent factor).
Total 17 experiments consisting of 12 factorial points and 5 replicates at the center point were designed. The level of selected parameters is showed in Table 2 
Analysis of variance (ANOVA) was used for graphical analyses of the data to obtain the interaction between the process variables and the response. The quality of the fi t polynomial model was expressed by the value of correlation coeffi cient (R 2 ), and its statistical signifi cance was checked by the F test. Model terms were evaluated by the P value (probability) with 95% confi dence level. Table 3 presents the ANOVA of regression parameters of the predicted quadratic response surface and other statistical parameters.
RESULTS AND DISCUSSION
Model fi tting and validation
As shown in Table 3 , the amounts of P values for the model confi rmed that the three selected factors are signifi cant (≤ 0.05). However, the high of P values for X 1 X 2 and X 2 X 3 indicate that the interactions should be eliminated in the fi nal model. Therefore, the reduced model, which describes the response as a function of signifi cant variables, is given below: Y = 6.767X 1 + 3.372X 2 + 3.880X 3 -6.159X 1 2 -4.418X 2 2 -2.507X 3 2 -3.490X 1 X 3 -6.043 (2) The model F -value of 19.72 implied that the model is signifi cant enough for regression analysis between response and variable effects. The goodness of fi t of the model is checked in terms of the determination of regression coeffi cient (R 2 ). The value 0.9621 of R 2 indicated that only 3.79% of the variation around the mean could not be explained by the model. Furthermore, an R 2 adj (0.9133) close to the R 2 value and the lack of fi t (0.081 -not signifi cant) ensure a satisfactory adjustment of the quadratic models to the experimental data 15 . Besides numerical method above, in order to obtain an adequate approximation of real system, graphical method was also used to validate the model. Figure 2 the hydrogen gas generation in the cathode electrode (Eq. 3) which is benefi cial for pollutants eliminated by fl otation
However, as the current density or electrolysis time was reached "suitable" values, the COD removal efficiency was no longer improved. These results should be explained due to the iron coagulant was saturated in the solution and could not react effi ciently. The observation is in agreement with other reports
9, 18
. Therefore, It would be careful found suitable range of the two factors as doing electrocoagulation experiment.
The combined effect of electrolysis time and initial pH is shown in Figure 4 . It can be ascertained that the percentage COD removal increases with increasing the initial pH from weak acidic to slightly alkaline conditions (pH around 5.0-9.0) for given electrolysis time. Further increase in the initial pH did not show any signifi cant improvement in the percentage COD removal. This is supposed to be due to the formation of various iron hydroxides species at difference pH values
16, 21
. During EC process with iron electrode, at fi rst, ferrous iron ion (Fe 2+ ) was produced through anode dissolution as equation (4) . At this electrode, the formation of oxygen shown the nature of residual of the model. It can be seen that there is no apparent obvious pattern and this is implying the residuals of the model were normal and random distribution. It is plausible that the assumptions of normality were satisfi ed for the data.
Eff ects of operating parameters
The design matrix with experimental and predicted COD removal effi ciencies are listed in Table 4 . The best observed percent COD removal effi ciency was reached 92% which is higher than 67% COD case using anaerobic and aerobic process of Selvamurugan et al. (2010) 1 . The infl uence of three operating parameters on COD removal effi ciency has been analyzed and the results are presented in terms of contour plots. The combined effect of electrolysis time and current density is given in Figure 3 . It should be noticed that, at fi rst, the percentage COD removal incremented with both current density and electrolysis time. According to Faraday's law, the dissolution of electrode is directly relative to the current density and electrolysis time 18 . In other words, the increasing in current density or electrolysis time induces more coagulant species which eliminated pollutant in instant coffee processing wastewater. Moreover, the increasing current density or electrolysis time enhance An explanation for the trend could be found in the report of Barrera-Díaz, et al. (2003) 21 , who stated that the kind of ferrous iron hydroxides species on EC process was crucially infl uenced by solution's pH. The highest COD removal result was obtained at pH range 6.0-9.0 may be due to the formation of Fe(OH) 3 The fi ndings in this study also correlate well with the results presented by Daneshvar, et al. (2007) 16 who reported that the best pH ranges for discoloration effi ciency of Acid Yellow 23 were from 5.0 to 9.0.
A similar trend was observed as changing current density vs initial pH. Figure 5 indicated that the removal was peak (greater than 80%) as wastewater is in pH medium around 6.0-9.0 and current density in range 75-110 A/m 2 . At other ranges of pH or current density, the COD removal sharply decrease. The high removal at near neutral pH can be explained by the formation of Fe(OH) 3 (s) flocs which have a good coagulation effect 22 . While the initial increasing and then decreasing COD removal trend with the incrementing current density also occurred through equation (5) . At there, ferrous iron ion is reduced to ferric iron ion (Fe 3+ ) by oxygen as equation (6) . The ferric iron ion further reacts with hydroxide ions to form Fe(OH) 3 , subsequently the equation (6) should be rewritten to equation (7 
Optimization process
In order to achieve the optimum point by EC process, the desired COD removal effi ciency was defi ned as target to achieve 100% while each operational condition (electrolysis time, current density, and initial pH) was chosen "within" the range. Then, the program (Minitab) searched to optimize function based on the response goal. Accordingly, the optimization result for the maximum COD removal effi ciency was 93.3% with electrolysis time 10 min, current density 108.3 A/m 2 and initial pH 7.0 with the desirability function value was found to be 0.925 for the treatment of instant coffee processing wastewater. Two additional experiments were then performed to verify the optimum results. The average COD removal value obtained through the experiment was 90.4% which agreed well with the predicted response value.
CONCLUSION
RSM could be considered as a possible technique for modeling the COD removal in the treatment of instant coffee processing wastewater using electrocoagulation. On the electrocoagulation treatment process, the COD removal effi ciency was found to be function of the initial pH, current density and electrolysis time as well as their squares and their interactions. Both graphical (residual plots) and numerical method (high in R 2 , R 2 adj , F-value) verifi ed that the accuracy of the Minitab proposed polynomial model is acceptable. Based on the results, the COD removal process was favored at near neutral media (initial pH around 6.0-9.0). At the initial pH range, a higher current density or a longer electrolysis time gave a higher COD abatement. The optimum COD removal effi ciency was found 93.3% with electrolysis time of 10 min, current density of 108.3 A/m 2 and initial pH of 7.0. The optimum condition could be also verifi ed by additional experiments at the optimum condition, the result is in close agreement (90.4%).
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